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(54) DRIVE DEVICE FOR INK JET PRINTING HEAD AND DRIVING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a high grade 
gradation printing without lowering the printing efficiency 
in relation to time for printing by controlling the diameter 
of a recording dot variably on a recording paper. 
SOLUTION: A drive signal to be outputted per single 
printing cycle is composed of a first pulse, a second 
pulse, a third pulse and a fourth pulse totaling four drive 
pulses. The first pulse and the third pulse jet an ink 
droplet equal to a medium-size dot. The second pulse 
jets an ink droplet equal to a small-size dot. The fourth 
pulse only gives a fine oscillation to a meniscus. The 
gradation value to be initially given is decoded as the 4- 
bit print data consisting of bit data corresponding to 
each of the drive pulses. Thus it is possible to properly 
select either one of the drive pulses or a plural number 
of the drive pulses, and further, perform a multigradation 
printing by variably controlling the diameter of recording 
dots on a recording paper. 
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CLAIMS 



[Claim(s)] 

[Claim l] By operating the pressure generating component prepared corresponding to 
each of two or more nozzles In the driving gear of the ink jet type print head which 
makes an ink droplet breathe out from said each nozzle A drive signal generation means 
to generate the driving signal which comes to contain two or more driving pulses for 
making an ink droplet breathe out, respectively, It is based on the printing data which 
come to contain the pulse selection signal corresponding to said each driving pulse, 
respectively. The driving gear of the ink jet type print head characterized by having the 
switching means into which any one or two or more driving pulses are made to input 
alternatively within 1 printing period to said pressure generating component among 
said each driving pulse. 

[Claim 2] By operating the pressure generating component prepared corresponding to 
each of two or more nozzles In the driving gear of the ink jet type print head which 
makes an ink droplet breathe out from said each nozzle A drive signal generation means 
to generate the driving signal which comes to contain the 1st driving pulse, 2nd driving 
pulse, and 3rd driving pulse for making an ink droplet breathe out, respectively, With 
the pulse selection signal established respectively corresponding to said each driving 
pulse A printing data generation means to generate selectable printing data for any one 
or two or more driving pulses among said each driving pulse within 1 printing period, 
Based on said printing data, it has the switching means into which said driving signal is 
made to input to said pressure generating component. Said driving signal The 1st 
driving pulse for making the 1st ink droplet breathe out, and the 2nd driving pulse for 
making a small amount of 2nd ink droplet than said 1st ink droplet breathe out, The 
driving gear of the ink jet type print head characterized by being constituted including 
the 3rd driving pulse for making said 1st ink droplet and 3rd ink droplet of tales doses 
breathe out. 



[Claim 3] The 1st gradation value which said printing data come [ 1st ] to combine the 
pulse selection signal corresponding to each driving pulse of said driving signal, 
respectively, and does not make an ink droplet breathe out, The 2nd gradation value 
which only said 2nd driving pulse is chosen [ 2nd ] and makes said 2nd ink droplet 
breathe out, The 3rd gradation value which either said 1st driving pulse or said 3rd 
driving pulse is chosen [ 3rd ], and makes either said 1st ink droplet or said 3rd ink 
droplet breathe out, The driving gear of an ink jet type print head according to claim 2 
with which the 4th gradation value which said the 1st driving pulse and 3rd driving 
pulse are chosen [ 4th ], and makes said the 1st ink droplet and 3rd ink droplet breathe 
out is characterized by the selectable thing. 

[Claim 4] Said driving signal is the driving gear of the ink jet type print head according 
to claim 3 characterized by an ink droplet choosing only this 4th driving pulse as extent 
which does not carry out the regurgitation with the 1st gradation value with said 
selectable printing data including the 4th driving pulse which operates said pressure 
generating component. 

[Claim 5] The driving gear of the ink jet type print head according to claim 2 to 4 
characterized by setting the period between said 1st driving pulse and said 3rd driving 
pulse as the maximum drive period of a print head. 

[Claim 6] Said the 1st driving pulse and 3rd driving pulse The 1st power surge wave 
which goes up from middle potential to the 1st maximum potential, and the 1st 
maximum potential maintenance wave which maintains said 1st maximum potential, 
The 1st electrical-potential- difference downward wave which descends from said 1st 
maximum potential to the minimum potential, It has the minimum potential 
maintenance wave which maintains said minimum potential, and the middle potential 
return wave which returns to said middle potential from said minimum potential, and is 
constituted, respectively. Said 2nd driving pulse The 2nd power surge wave which goes 
up from middle potential to the 2nd maximum potential smaller than said 1st 
maximum potential, The driving gear of the ink jet type print head according to claim 2 
to 5 characterized by having the 2nd maximum potential maintenance wave which 
maintains said 2nd maximum potential, and the 2nd electrical-potential-difference 
downward wave which descends from said 2nd maximum potential to middle potential, 
and being constituted. 

[Claim 7] The electrical-potential-difference inclination in said 1st 
electrical-potential-difference downward wave is the driving gear of the ink jet type 
print head according to claim 6 characterized by being larger than the 
electrical-potential-difference inclination in said 1st power surge wave. 



[Claim 8] The voltage drop time amount in said 1st electrical-potential-difference 
downward wave is the driving gear of the ink jet type print head according to claim 6 or 
7 characterized by being set as the proper oscillation period and abbreviation identitas 
of said pressure generating component, and setting said time amount to initiation of 
said 1st middle potential , return wave from initiation of an 
electrical-potential- difference downward wave as a helmholtz period and abbreviation 
identitas. 

[Claim 9] Said pressure generating component is the driving gear of the ink jet type 
print head according to claim 1 to 8 characterized by being a piezoelectric transducer. 
[Claim 10] By operating the pressure generating component prepared corresponding to 
each of two or more nozzles In the drive approach of the ink jet type print head which 
carries out pinch-and-swell [ of the pressure generating room ], and makes an ink 
droplet breathe out from said each nozzle The 1st ink droplet The driving signal which 
comes to contain the 3rd driving pulse for making the 2nd driving pulse for making a 
small amount of 2nd ink droplet than the 1st driving pulse and said 1st ink droplet for 
making it breathe out breathe out, said 1st ink droplet, and the 3rd ink droplet of tales 
doses breathe out with a drive signal generation means Make it generate and the 
printing data generated selectable in any one or two or more driving pulses among said 
each driving pulse within 1 printing period by the pulse selection signal established 
respectively corresponding to said each driving pulse are inputted into a switching 
means. The drive approach of the ink jet type print head characterized by making said 
driving signal input to said piezoelectric transducer by driving a switching means based 
on said printing data. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the driving gear and the drive 
approach of the ink jet type print head in which the regurgitation [ two or more ink 
droplets ] is possible in 1 printing period especially about the driving gear and the drive 
approach of an ink jet type print head which can carry out the regurgitation of the ink 
droplet of magnitude which is different from the same nozzle. 
[0002] 

[Description of the Prior Art] The ink jet-type printer has the print head equipped with 
many nozzles in the direction of vertical scanning (perpendicular direction), this print 
head is moved to a main scanning direction (horizontal) according to a carriage device, 
and a desired printing result is obtained by performing predetermined paper feed. 
Based on the dot pattern data which come to develop the print data inputted from the 
host computer, an ink droplet is breathed out from each nozzle of a print head to 
predetermined timing, respectively, and when each of these ink droplets reach the 
target and adhere to printing storages, such as the recording paper, printing is 
performed. Thus, since an ink jet-type printer is what does not carry out whether the 
regurgitation of the ink droplet is carried out, or [ that is, ] performs on-off control of a 
dot, the way things stand, it cannot carry out the printout of the middle gradation, such 
as gray. 

[0003] Then, the method of realizing middle gradation conventionally by expressing one 
pixel by two or more dots of 4x4 and 8x8 grade is adopted. A shade can be expressed 
with 16 gradation Gt is 17 gradation when all whites are included) if one pixel is 
expressed by the dot matrix of 4x4. If the resolution of a pixel is raised, a gradation 
expression can be performed more densely. However, if gradation is raised without 
changing the diameter of a record dot, substantial resolution will fall. Moreover, when 



the diameter of a record dot in the record paper is large, the graininess of a low 
concentration field comes to be conspicuous. Therefore, it is necessary to lessen weight 
of an ink droplet and to make the diameter of a record dot small. 

[0004] for example, it is said that it makes it contract since the pressure room in which 
ink was held is expanded as indicated by JP,55-17589,A etc. - being the so-called - "-- 
lengthening - striking - " - it is possible by carrying out to lessen weight of the ink 
droplet which carries out the regurgitation, and to make the diameter of a record dot 
small. 

[0005] Although the graininess in a low concentration field cannot be conspicuous and 
printing quality can be raised if the diameter of a record dot becomes small, a print 
speed falls sharply. For example, when using the dot of the minor diameter made into 
the one half of the usual diameter of a record dot, 4 times [ at the time of using the usual 
diameter of a record dot ] as many printing time amount as this is required. Neither is 
easy although what is necessary is to raise the drive frequency which carries out the 
regurgitation of the ink droplet 4 times, or just to increase the number of nozzles 4 
times, in order to prevent the fall of a print speed. 

[0006] Then, the technique which is made to breathe out the ink droplet of weight which 
is different from the same nozzle, and enables gradation storage is also proposed (for 
example, JP,4-15735,B, a U.S. Pat. No. 5,285,215 specification). With this technique, 
before acting as two or more shot student of the very small ink droplet and reaching the 
target in the record paper by adding two or more pulse signals, the very small ink 
droplet of these plurality is made to coalesce, and a big ink droplet is generated. 
[0007] 

[Problem(s) to be Solved by the Invention] According to the conventional technique 
given [ said ] in an official report, although the regurgitation [ a very small ink droplet 
and a big ink droplet ] is possible, it is difficult to make an ink droplet coalesce before 
recording paper impact. Moreover, in order to make a very small ink droplet coalesce 
before reaching the recording paper, the adjustable range of the diameter of a record dot 
also has the problem of being narrow. 

[0008] This invention is made in view of the above various technical problems, and the 
purpose is in offering the driving gear and the drive approach of an ink jet type print 
head which could be made to carry out the regurgitation of two or more ink droplets 
from which ink weight differs from the same nozzle, without reducing a print speed. 
Moreover, the further purpose of this invention is about two or more ink droplets in 1 
printing period to offer the driving gear and the drive approach of the ink jet type print 
head in which two or more regurgitation is possible. 



[0009] 

. [Means for Solving the Problem] He constitutes the driving signal outputted for every 1 
printing period from two or more driving pulses, and is trying to choose any one or two 
or more driving pulses among each driving pulse with the printing data which come to 
contain the pulse selection signal corresponding to each driving pulse, respectively with 
the driving gear of the ink jet type print head concerning this invention for the 
above-mentioned purpose achievement. 

[0010] Namely, a drive signal generation means to generate the driving signal which 
comes to contain two or more driving pulses for making an ink droplet breathe out, 
respectively in invention concerning claim 1, It is characterized by having the switching 
means into which any one or two or more driving pulses are made to input alternatively 
within 1 printing period to a pressure generating component among said each driving 
pulse based on the printing data which come to contain the pulse selection signal 
corresponding to said each driving pulse, respectively. 

[0011] If a certain driving pulse is chosen by the pulse selection signal, this driving 
pulse will be inputted into a pressure generating component through a switching means. 
And in order that a pressure generating component may cause the pressure variation 
according to a driving pulse, the ink droplet of the amount of ink according to this 
pressure variation is breathed out. Therefore, if the driving pulse of 1 is chosen, the ink 
droplet of 1 will be breathed out 1 printing period, and if two or more driving pulses are 
chosen, two or more ink droplets with 1 printing period will be breathed out. The 
amount of ink which reaches the target on printing storages, such as the recording 
paper, can be adjusted by this, and the diameter of a record dot can be controlled to 
adjustable. 

[0012] Moreover, a drive signal generation means to generate the driving signal which 
comes to contain the 1st driving pulse, 2nd driving pulse, and 3rd driving pulse for 
making an ink droplet breathe out, respectively in invention concerning claim 2, With 
the pulse selection signal established respectively corresponding to said each driving 
pulse A printing data generation means to generate selectable printing data for any one 
or two or more driving pulses among said each driving pulse within 1 printing period, 
Based on said printing data, it has the switching means into which said driving signal is 
made to input to a pressure generating component. Said driving signal The 1st driving 
pulse for making the 1st ink droplet breathe out, and the 2nd driving pulse for making a 
small amount of 2nd ink droplet than said 1st ink droplet breathe out, It is 
characterized by being constituted including the 3rd driving pulse for making said 1st 
ink droplet and 3rd ink droplet of tales doses breathe out. 



[0013] According to this, the driving signal outputted for every 1 printing period 
consists of a total of three driving pulses of the 1st driving pulse and the 3rd driving 
pulse which carry out the regurgitation of the ink droplet of tales doses, and the 2nd 
driving pulse which carries out the regurgitation of a small amount of ink droplet. 
Therefore, the diameter of a record dot is controllable by the combination of these 1st, 
2nd, and 3rd ink droplets to adjustable. 

[0014] Like invention according to claim 3, namely, printing data The 1st gradation 
value which it comes [ 1st ] to combine the pulse selection signal corresponding to each 
driving pulse of said driving signal, respectively, and does not make an ink droplet 
breathe out, The 2nd gradation value which only said 2nd driving pulse is chosen [ 2nd ] 
and makes said 2nd ink droplet breathe out, The 3rd gradation value which either said 
1st driving pulse or said 3rd driving pulse is chosen [ 3rd ], and makes either said 1st 
ink droplet or said 3rd ink droplet breathe out, The 4th gradation value which said the 
1st driving pulse and 3rd driving pulse are chosen [ 4th ], and makes said the 1st ink 
droplet and 3rd ink droplet breathe out can constitute selectable. 

[0015] Thereby, in the 1st gradation value, since an ink droplet is not breathed out, a 
record dot is not formed in the record paper. In the 2nd gradation value, only a small 
amount of ink droplet is breathed out, and the record dot of a minor diameter is formed 
in the recording paper. In the 3rd gradation value, since either of a lot of 1st or 3rd ink 
droplets is breathed out towards the recording paper, the record dot of whenever 
[ middle ] is formed relatively. In the 4th gradation value, since both the 1st ink droplet 
and the 3rd ink droplet are breathed out, this each ink droplet is reached the target and 
mixed with the recording paper, and the record dot of a major diameter is formed most 
relatively. 

[0016] Moreover, you may make it a driving signal choose only this 4th driving pulse as 
extent in which an ink droplet does not carry out the regurgitation with the 1st 
gradation value with selectable printing data like invention concerning claim 4 
including the 4th driving pulse which operates a pressure generating component. 
[0017] By operating extent to which an ink droplet does not carry out the regurgitation 
of the pressure generating component, a meniscus is fine-vibrated and the increment in 
viscosity of ink can be prevented. Moreover, since the 4th driving pulse can be inputted 
into a pressure generating component in case the 1st gradation value is taken, a 
meniscus can be fine -vibrated comparatively frequently. 

[0018] Like invention concerning claim 5, it is desirable to set the period between the 
1st driving pulse and the 3rd driving pulse as the maximum drive period of a print head. 
[0019] If the time period of the 1st driving pulse for realizing the 4th most 



high-concentration gradation value and the 3rd driving pulse is set as the maximum 
drive period of a print head, a print speed will not fall. In this case, what is necessary is 
just to arrange the 2nd driving pulse between the 1st driving pulse and the 3rd driving 
pulse. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail based on a drawing. 

[0021] 1. Gestalt **** of the 1st operation and drawing 1 are the functional block 
diagrams of the ink jet printer with which the gestalt of operation of the 1st of this 
invention is applied. 

[0022] 1-1 The whole configuration ink jet printer consists of a printer controller 1 and a 
print engine 2. The interface 3 whose printer controller 1 receives the print data from 
^ the host computer outside drawing etc. (henceforth "I/F"), RAM4 which performs 

various data storages etc., and ROMS which memorized the routine for various data 
processing etc., The control section 6 which consists of a CPU etc., an oscillator circuit 7, 
and the drive signal generating circuit 8 as a "drive signal generation means" which 
generates the driving signal to the below- mentioned print head 10, It has I/F9 for 
transmitting printing data, a driving signal, etc. which were developed by dot pattern 
data (bit map data) to the print engine 2. 

[0023] I/F3 receives the print data which consist of any one data or two or more data of a 
character code, a graphic function, and an image data from a host computer etc. 
Moreover, I/F3 can output a busy signal (BUSY), an acknowledgement signal (ACK), etc. 
to a host computer. 

[0024] RAM4 is used as receive buffer 4A, middle buffer 4B, output-buffer 4C, 
work-piece memory (not shown), etc. The print data from the host computer which I/F3 
received are temporarily memorized by receive buffer 4A. The pseudo code data 
cconverted with the pseudo code by the control section 6 are memorized by middle buffer 
4B. Dot pattern data after decoding gradation data like the after-mentioned are 
developed by output-buffer 4C. ROM5 has memorized the various control routines 
performed by the control section 6, font data and a graphic function, various procedure, 
etc. 

[0025] A control section 6 reads the print data in receive buffer 4A, cconverts them with 
a pseudo code, and memorizes this pseudo code data to middle buffer 4B. Next, a control 
section 6 analyzes the pseudo code data read from middle buffer 4B, and develops 
pseudo code data to dot pattern data with reference to font data, a graphic function, etc. 
in ROMS. This developed dot pattern data is memorized by output-buffer 4C after 



required ornament processing is performed. 

[0026] If the dot pattern data equivalent to one line of a print head 10 are obtained, the 
serial transmission of this dot pattern data for one line will be carried out to a print 
head 10 through I/F9. If the dot pattern data for one line are outputted from 
output-buffer 4C, the contents of middle buffer 4B will be eliminated and the next 
pseudo code conversion will be performed. Here, the printing data developed by dot 
pattern data consist of 4 bits (or triplet) as gradation data for every nozzle so that it may 
mention later. 

[0027] The print engine 2 is equipped with a print head 10, carriage (it is written as 
"paper feed" among drawing) 11, and the carriage device (it is written as "carriage" 
among drawing) 12. Carriage 11 consisted of a paper feed motor, a paper feed roller, etc., 
has sent out printing storages, such as the recording paper, one by one, and performs 
vertical scanning. The carriage device 12 consists of a carriage motor which makes it 
run the carriage which carries a print head 10, and this carriage through a timing belt 
etc., and carries out horizontal scanning of the print head 10. 

[0028] A print head 10 has many nozzles, such as 64 etc. pieces, in the direction of 
vertical scanning, and makes an ink droplet breathe out from each nozzle to 
predetermined timing. Synchronizing with the clock signal (CK) from an oscillator 
circuit 7, the serial transmission of the printing data developed by dot pattern data is 
carried out to a shift register 13 from I/F9. This printing data (SI) by which serial 
transmission was carried out is once latched by the latch circuit 14. The pressure up of 
the latched printing data is carried out by the level shifter 15 which is a voltage 
amplifier to the electrical potential difference which can drive a switching circuit 16, for 
example, the predetermined electrical-potential- difference value of about dozens of volts. 
The printing data by which the pressure up was carried out to the predetermined 
electrical-potential- difference value are given to the switching circuit 16 as a "switching 
means." The driving signal (COM) from the drive signal generating circuit 8 is 
impressed to the input side of a switching circuit 16, and the piezoelectric transducer 17 
as a "pressure generating component" is connected to the output side of a switching 
circuit 16. 

[0029] Printing data control actuation of a switching circuit 16. For example, a driving 
signal is impressed to a piezoelectric transducer 17 during the period whose printing 
data which join a switching circuit 16 are "1", and a piezoelectric transducer expands 
and contracts according to this driving signal. On the other hand, supply of the driving 
signal to a piezoelectric transducer 17 is intercepted for the printing data which join a 
switching circuit 16 during the period of M 0." 



[0030] 1-2 The circuit diagram of drawing 2 showed concretely the configuration of the 
concrete configuration print head 10 of a print head. The shift register circuit 13, the 
latch circuit 14, the level shifter 15, the switching circuit 16, and piezoelectric 
transducer 17 in drawing 1 consist of the components 13A-13N corresponding to each 
nozzle of a print head 10, 14A-14N, 15A15N, 16A-a 16N, and 17A-a 17N, respectively. 
Printing data consist of a total of four bit data from a most significant bit 3 to a least 
significant bit 0 for every nozzle, as shown in (1010) etc. (0100). And the bit data of each 
digit about all nozzles are inputted into shift registers 13A-13N in 1 printing period. 
[0031] That is, after serial transmission of the data of the most significant bit 3 for all 
nozzles is carried out to shift registers 13A13N, the data of the bit 3 for all these 
nozzles are latched by the latch components 14A-14N. The data of the bit 2 for all 
nozzles are transmitted next to shift registers 13A13N by this latch. Similarly, 
subsequently serial transmission of the data of the bit 1 for all nozzles and the data of 
the bit 0 for all nozzles is carried out one by one. 

[0032] And when the bit data which join each switching devices 16A-16N constituted, 
for example as an analog switch are "1", a driving signal (COM) is directly impressed to 
piezoelectric transducers 17A-17N, and each piezoelectric transducers 17A-17N are 
displaced according to the signal wave form of a driving signal. On the contrary, when 
the bit data which join each switching devices 16A16N are "0", an each piezoelectric 
transducers [ 17A-17N ] driving signal is intercepted, and each piezoelectric 
transducers 17A17N hold the last charge. 

[0033] 1-3 Example drawing 3 of the mechanical configuration of a print head shows an 
example of the mechanical structure of a print head 10. The substrate unit 21 is 
constituted by pinching the passage formation plate 24 with the nozzle plate 22 in 
which nozzle hole 22A was formed, and the diaphragm 23 by which island section 23A 
was formed. The ink room 25, the ink feed hopper 26, and the pressure generating room 
27 are formed in the passage formation plate 24. 

[0034] The hold room 29 is formed in the pedestal 28, and the piezoelectric. transducer 
17 (correctly piezoelectric transducers [ 17A17N ] either) is attached in the hold room 
29. The piezoelectric transducer 17 is being fixed through the fixed substrate 30 so that 
the tip may contact island section 23A of a diaphragm 23. Here, to a piezoelectric 
transducer 17, it will contract, if PZT of for example, the longitudinal-oscillation 
transversal effect is used and charged, and if it discharges, it will elongate. The charge 
and discharge to a piezoelectric transducer 17 are performed through lead wire 31. 
[0035] In addition, PZT of not only PZT of the longitudinal-oscillation transversal effect 
but a flexurally oscillating mold is sufficient as a piezoelectric transducer 17. Moreover, 



as a pressure generating component, other components, such as not only a piezoelectric 
transducer but magnetostrictor, may be used. Moreover, the configuration of changing a 
pressure with the air bubbles which were made heating ink according to the heat source 
of a heater etc., and were produced with heating may be used. It can use, if it is the 
component which produces pressure fluctuation in the pressure generating room 27 in 
short according to the signal given from the exterior. 

[0036] If a piezoelectric transducer 17 is charged, a piezoelectric transducer 17 will 
contract, the pressure generating room 27 will expand, the pressure in the pressure 
generating room 27 will decline, and ink will flow in the pressure generating room 27 
from the ink room 25. If a piezoelectric transducer 17 is made to discharge, a 
piezoelectric transducer 17 will develop, the pressure generating room 27 will contract, 
the pressure in the pressure generating room 27 will rise, and the ink in the pressure 
generating room 27 will be breathed out outside through nozzle hole 22A. In addition, 
the relation between volume change (pressure variation) of the pressure generating 
room 27 and the regurgitation of an ink droplet is mentioned further later. 
[0037] 1-4 Explain, referring to drawing 4 about the relation between each driving pulse 
and a gradation expression next a driving signal and the ink droplet breathed out, and 
the gradation expression approach. While the wave of a driving signal and the size 
relation of the ink droplet breathed out are shown, the approach of the gradation 
expression using a driving signal is shown in drawing 4 . The driving signal which the 
drive signal generating circuit 8 generates consists of a total of four driving pulses of the 
1st pulse as "the 1st driving pulse", the 2nd pulse as "the 2nd driving pulse", the 3rd 
pulse as "the 3rd driving pulse", and the 4th pulse as "the 4th driving pulse." 
[0038] Here, the 1st pulse and the 3rd pulse are for having the shape of same pulse form, 
for example, carrying out the regurgitation of the ink droplet of whenever [ middle / of 
about 10 ng(s) ]. Since the diameter of a dot obtained by this 1st pulse and the 3rd pulse 
becomes the magnitude of whenever [ middle ], it can also express these 1st pulses and 
the 3rd pulse as an "inside dot pulse." The 2nd pulse is for being located between the 1st 
pulse and the 3rd pulse, for example, making the small ink droplet of about 2 ng(s) 
breathe out. Since the small diameter of a dot is obtained by this 2nd pulse, the 2nd 
pulse can also be expressed as a "small dot pulse." The 4th pulse located between the 
3rd pulse and the 1st pulse is for fine -vibrating the ink near nozzle hole 22A, and 
preventing the increment in the viscosity of ink, and an ink droplet is not breathed out 
by this 4th pulse. The 4th pulse can be expressed as a "fine oscillating pulse." 
[0039] 1-5 Explain, referring to the sign of Pll and P21 grade given to each part of each 
pulse about each pulse which constitutes the detail, next driving signal of each driving 



pulse, as shown in drawing 4 . In addition, since the 1st pulse and the 3rd pulse for 
forming an inside dot are the same configuration, only the 1st pulse is explained and 
explanation of the 3rd pulse is omitted. 

[0040] First, as the 1st pulse is shown in drawing 4 , the electrical-potential-difference 
value starts from the middle potential Vm (Pll), and rises from the middle potential 
Vm to the maximum potential VPM as "the 1st maximum potential" by predetermined 
electrical-potential- differe nee inclination thetaCM (P12), and only predetermined time 
maintains the maximum potential VPM (P13). Next, the electrical-potential-difference 
value of the 1st pulse descends from the maximum potential VPM to the minimum 
potential VL with predetermined electrical-potential-difference inclination thetaDM 
(P14). 

[0041] Here, it is set up so that the electrical potential difference inclination thetaDM 
at the time of discharge may become large rather than electrical-potential-difference 
inclination thetaCM at the time of charge. Moreover, the time amount taken for the 
electrical-potential-difference value of the 1st pulse to fall from the maximum potential 
VPM to the minimum potential VL is set as the proper oscillation period TA and 
abbreviation identitas of a piezoelectric transducer 17. In addition, in order to prevent 
polarization reversal of a piezoelectric transducer 17, the minimum potential VL is the 
same as a grand level (0V), or it is desirable that it is plus potential. 
[0042] And the electrical-potential-difference value of the 1st pulse rises to the middle 
potential Vm again, after only predetermined time holds the minimum potential VL 
(Pi 5) (P16). the time amount from initiation of the electrical-potential- difference 
descent here from the maximum potential VPM to maintenance termination of the 
minimum potential VL - the natural period (helmholtz period) of ink, and abbreviation 
-- it is set up identically. 

[0043] The electrical-potential-difference value of the 2nd pulse is started from the 
middle potential Vm like the 1st pulse (P21), and it goes up to the maximum potential 
VPS as "the 2nd maximum potential" by predetermined electrical-potential-difference 
inclination thetaCS (P22). The maximum potential VPS of this 2nd pulse is smaller 
than the maximum potential VPM of the 1st pulse and the 3rd pulse. And the 
electrical-potential- difference value of the 2nd pulse descends to the middle potential 
Vm with predetermined electrical-potential-difference inclination thetaDS, after only 
predetermined time maintains the maximum potential VPS (P23) (P24). In addition, by 
the 2nd pulse, it is set up so that the direction of electrical-potential-difference 
inclination thetaCS at the time of charge may become larger than 
electrical-potential- difference inclination thetaDS at the time of discharge. 



[0044] Although explanation is omitted since the 3rd pulse is the 1st pulse and identitas, 
the time period between the 1st pulse and the 3rd pulse serves as half [ of a printing 
period ]. That is, when the 1st pulse and the 3rd pulse are chosen that a large dot should 
be formed in the record paper like the after-mentioned, the ink droplet of an inside dot 
is breathed out at equal intervals in time. If a printing period is set to 14.4kHz, 
specifically, the regurgitation period of the ink droplet of an inside dot will be set as 
28.8kHz. Moreover, the time amount between the 1st pulse and the 3rd pulse is set as 
the maximum drive period of a print head 10. 

[0045] The electrical potential difference of the 4th pulse is also started from the middle 
potential Vm (P4l), for example, rises to the maximum potential VPN which can be 
expressed as "the 3rd maximum potential" (P42), [ as well as the 1st - the 3rd pulse ] 
And after carrying out predetermined time maintenance of this maximum potential 
VPN (P43), it descends to the middle potential Vm. Since the 4th pulse gives fine 
vibration of extent which does not carry out the regurgitation of the ink droplet here, 
the maximum potential VPN of the 4th pulse is smaller than the maximum potential 
VPS of the 2nd pulse, moreover, the electrical-potential-difference inclination at the 
time of charge of the 4th puise and the electrical potential-difference inclination at the 
time of discharge - abbreviation it is equal. 

[0046] In addition, among drawing 4 , "the 1st electrical-potential-difference downward 
wave" and P15 correspond to the "minimum potential maintenance wave", and P16 
corresponds [ P12 / "the 1st power surge wave" and P13 / "the 1st maximum potential 
maintenance wave" and P14 ] to a "middle potential return wave", respectively. 
Moreover, "the 2nd power surge wave" and P23 correspond to "the 2nd maximum 
potential maintenance wave", and P24 corresponds [ P22 ] to "the 2nd 
electrical-potential-difference downward wave", respectively. 

[0047] Next, the change condition of the ink near [ by each pulse independent of a 
driving signal ] nozzle hole 22A is explained, referring to drawing 5 - drawing 7 . First, 
drawing 5 shows the change condition of the ink by the 1st pulse or the 3rd pulse. 
[0048] In the condition of Pll in the middle potential Vm, a meniscus 40 is in the 
location drawn a little from the regurgitation side of a nozzle hole 22. Next, in the 
condition of P12 which goes up from the middle potential Vm to the maximum potential 
VPM, a piezoelectric transducer 17 contracts, the pressure generating room 27 expands, 
and a meniscus 40 is drawn in nozzle hole 22A. At this time, the pressure generating 
room 27 expands at the rate according to the contraction rate of a piezoelectric 
transducer 17. In the condition of P13, only the time amount of extent which does not 
return to a location just before the once drawn meniscus 40 is drawn holds the 



maximum potential VPM. 

[0049] A piezoelectric transducer 17 is made to discharge quickly from the maximum 
potential VPM to the minimum potential VL in the condition of P14, where a meniscus 
40 is drawn in the inner part of nozzle hole 22A. By this, a piezoelectric transducer 17 
develops, the pressure generating room 27 contracts, and a meniscus 40 begins to 
project from the regurgitation side of nozzle hole 22A. At this time, the pressure 
generating room 27 is contracted at the rate according to the expanding rate of a 
piezoelectric transducer 17. Also in the condition of P15 which maintains the minimum 
potential VL, the protrusion of a meniscus 40 continues according to inertia. And in the 
condition of P16, after the meniscus 40 has projected, a piezoelectric transducer 17 is 
again charged to the middle potential Vm. By this, a piezoelectric transducer 17 
contracts, the pressure generating room 27 expands, the ink projected outside from 
nozzle hole 22A is lengthened and torn to pieces, and the ink droplet of the amount 
equivalent to an inside dot is breathed out. 

[0050] The fluctuation condition of the ink at the time of impressing the 2nd pulse to a 
piezoelectric transducer 17 independently is shown in drawing 6 . In the condition of 
P21 in the middle potential Vm, a meniscus 40 is in the location drawn a little from the 
regurgitation side of nozzle hole 22A. Next, if a pressure up is carried out from the 
middle potential Vm to the maximum potential VPS, since a piezoelectric transducer 17 
will contract and the pressure generating room 27 will expand, a meniscus 40 is drawn 
in nozzle 22A. In the condition of P23, only the short time of extent with which a 
meniscus 40 does not return to the original location holds the maximum potential VPS. 
Therefore, a meniscus 40 is drawn in nozzle hole 2A. Moreover, since the maximum 
potential VPS of the 2nd pulse is lower than the maximum potential VPM of said 1st 
pulse, the amount of ink which flows in the pressure generating room 27 from the ink 
room 25 has it than the case of the 1st pulse. [ less ] 

[0051] In the condition of P24 which makes a piezoelectric transducer 17 discharge from 
the maximum potential VPS to the middle potential Vm, a piezoelectric transducer 17 
develops and the pressure generating room 27 contracts. Thereby, positive pressure 
arises in the pressure generating room 27, and a meniscus 40 is extruded towards the 
exterior of nozzle hole 22A (condition of P24a). And a very small ink droplet is breathed 
out from nozzle hole 22A (condition of P24b). That is, where it lessened the amount of 
ink made to flow in the pressure generating room 27 by making the maximum potential 
VPS small and a meniscus 40 is drawn, in order to generate the pressure variation of 
the weak positive pressure direction, about 1 / about five very small ink droplet of the 
ink droplet by the 1st pulse is breathed out. 



[0052] The fluctuation condition of the ink at the time of impressing the 4th pulse to a 
piezoelectric transducer 17 independently is shown in drawing 7 . First, in the condition 
of P41 in the middle potential Vm, a meniscus 40 is in the location drawn a little from 
nozzle hole 22A like said condition of Pll and P21. Next, if a piezoelectric transducer 17 
is charged from the middle potential Vm to the maximum potential VPN, since a 
piezoelectric transducer 17 will contract and the pressure generating room 27 will 
expand, a meniscus 40 is drawn in nozzle hole 22A. However, since the maximum 
potential VPN is small, its amounts of drawing in of a meniscus are few. In the condition 
of P43 that only a short time holds the maximum potential VPN, the meniscus 40 is 
maintaining the condition that only a few was drawn in the nozzle hole 22. And in the 
condition of P44 which makes a piezoelectric transducer 17 discharge from the 
maximum potential VPN to the middle potential Vm, since the pressure generating 
room 27 contracts, a meniscus 40 is put back towards the regurgitation side of nozzle 
hole 22A. 

[0053] Thus, the 4th pulse can fine -vibrate a meniscus 40, without there being little 
pressure variation in the pressure generating room 27, and making an ink droplet 
breathe out from nozzle hole 22A, in order to perform shallow charge and discharge. 
Thereby, viscosity increase of ink etc. can be prevented. In addition, plugging of nozzle 
hole 22A can be prevented by giving fine vibration in the condition of having been 
limited in case a print head 10 was in a home position, or covering nozzle hole 22A with 
a cap etc. Therefore, the 4th pulse is not necessarily required and omitting is also 
possible. 

[0054] 1-6 Make a multiple selection, and consider printing data transfer timing next 
the 1st pulse (inside dot), the 2nd pulse (small dot), the 3rd pulse (inside dot), and the 
4th pulse (fine vibration), referring to 1 or the approach of carrying out a 
multi-gradation expression for drawing 4 etc. 

[0055] As mentioned above, a driving signal is impressed to a piezoelectric transducer 
17, and a piezoelectric transducer 17 is expanded [ the bit of the printing data which 
join a switching circuit 16 through latch circuit 14 grade from a shift register 13 ] during 
the period of "1" and contracted according to the wave of a driving signal. On the other 
hand, during the period of "0", supply of the driving signal to a piezoelectric transducer 
17 is intercepted, and, as for a piezoelectric transducer 17, the bit of printing data holds 
the last condition. Therefore, if the bit of printing data is synchronized with the 
generating timing of the 1st - the 4th pulse, any one or two or more pulses can be chosen 
among the 1st - the 4th pulse. 

[0056] For example, if a record dot is formed in the record paper by four patterns in the 



case (gradation value 4) of forming a large dot by the inside dot of two pieces when 
forming only a small dot in the case of the non-dot which does not form a dot (gradation 
value 1) (gradation value 2), and forming only the inside dot of one piece (gradation 
value 3), four steps of dot gradation can be performed. In addition, (01) and the 
gradation value 3 can be expressed with (10), and when it is 4 gradation, as shown in 
(11), 2 bit data can express [ the gradation value 1 / (00) and the gradation value 2 ] each 
gradation value for the gradation value 4. 

[0057] In the case of the gradation value 1 of the non-dot which does not carry out the 
regurgitation of the ink droplet, only the 4th pulse which generates fine vibration 
should be supplied to a piezoelectric transducer 17. Therefore, in the case of the 
gradation value 1, if it is made to synchronize with generating of the 4th pulse and "1" is 
impressed while throughout [ nascent state / of the 1st - the 3rd pulse ] impresses "0" to 
a switching circuit 16, only the 4th pulse can be added to a piezoelectric transducer 17. 
That is, by translating into 4 bit data (0001) the 2-bit data (00) in which the gradation 
value 1 is shown (decoding), only the 4th pulse which does not carry out the 
regurgitation of the ink droplet can be impressed to a piezoelectric transducer 17, and 
the gradation value 1 of a non-dot can be realized. 

[0058] If give "0" during the period of the 1st pulse, the 3rd pulse, and the 4th pulse, it is 
made similarly to synchronize with the 2nd pulse to a switching circuit 16 and "1" is 
impressed That is, if 4 bit data (0100) are given to a switching circuit 16 to 
predetermined timing, only the 2nd pulse is supplied to a piezoelectric transducer 17, 
thereby, the ink droplet of a small dot can be made to be able to reach the recording 
paper, and the gradation value 2 can be realized. 

[0059] Similarly, if 4 bit data (1000) are given to a switching circuit 16, only the 1st 
pulse is impressed to a piezoelectric transducer 17, thereby, one inside dot will be 
formed in the recording paper, and the gradation value 3 will be realized. 
[0060] Similarly, if 4 bit data (1010) are given to a switching circuit 16, only the 1st 
pulse and the 3rd pulse which form an inside dot will be supplied to a piezoelectric 
transducer 17. By this, the ink droplet of two shots of an inside dot reaches the target in 
the record paper continuously, each ink droplet is mixed, and one large dot is formed 
substantially. 

[0061] As mentioned above, if 1-bit data are assigned for every driving pulse and 
printing data are constituted, only a desired driving pulse can be chosen with the value 
of each bit. The 1-bit data assigned to each of each of this driving pulse correspond to a 
"pulse selection signal." Moreover, the control section 6 as a "printing data generation 
means" performs generation of printing data, and the generated printing data are 



memorized by output-buffer 4C. In addition, what is necessary is just to give the data of 
a triplet to a switching circuit 16 for the gradation value 4 of the large dot according 
[ value / 1 / of a non-dot / gradation ] the gradation value 3 of only (010) and an inside 
dot to (100) and the inside dot of two shots in the gradation value 2 of only (000) and a 
small dot, as shown in (101) when omitting the 4th pulse. 

[0062] Next, the concrete configuration which gives 4-bit printing data to switching 
circuit 16 grade is explained, referring to the wave form chart of drawing 8 . 
[0063] First, the gradation value (bl, bO) of 2 bits about each nozzle is memorized by 
output-buffer 4C in the condition of having translated into the 4-bit printing data (Dl, 
D2, D3, D4) mentioned above. Here, for Dl, as for the selection signal of the 2nd pulse, 
and D3, the selection signal of the 1st pulse and D2 are [ the selection signal of the 3rd 
pulse and D4 ] the selection signals of the 4th pulse. This 4-bit printing data is given 
into 1 printing period in the switching circuit 16 corresponding to each nozzle of a print 
head 10. 

[0064] The printing data of the 1st nozzle in the location which makes n pieces the 
number of nozzles of a print head 10, and has the direction of vertical scanning here 
CD 11, D21, D31, D41), As shown in (D12, D22, D32, D42), when the printing data of the 
2nd nozzle are expressed, synchronizing with a clock signal, the serial input of the data 
(... Dll, D12, D13, Din) of the 1st pulse selection signal Dl about all nozzles is carried 
out to a shift register 13. It is made the same. The data of the 2nd pulse selection signal 
D2 about all nozzles (... D21, D22, D23, D2n), The data (... D31, D32, D33, D3n) of the 
3rd pulse selection signal D3 about all nozzles and the data (... D41, D42, D43, D4n) of 
the 4th pulse selection signal D4 about all nozzles are transmitted to a shift register 13 
within 1 printing period. 

[0065] Before the target driving pulse occurs, more specifically, the printing data which 
choose the driving pulse concerned are transmitted to a shift register 13. And it is made 
to synchronize with generating of the target pulse, and a latch circuit 14 is made to 
transmit and memorize the printing data which the shift register 13 memorized. After 
the pressure up of the printing data moved to the latch circuit 14 is carried out to a 
predetermined electrical potential difference by the level shifter 15, they are inputted 
into a switching circuit 16. 

[0066] For example, as shown in drawing 8 , the data of Dl which chooses the 1st pulse 
are transmitted to the shift register 13 within between [ in front of the 1st pulse ] the 
4th pulse nascent states. And a latch signal is outputted to compensate for generating of 
the 1st pulse, and by this latch signal, the printing data of Dl which the shift register 
13 memorized are changed into a parallel signal, and are transmitted to a latch circuit 



14. After the pressure up of the printing data of Dl transmitted to this latch circuit 14 is 
carried out to a predetermined electrical-potential-difference value by the level shifter 

15, they are supplied to a switching circuit 16. Since a piezoelectric transducer 17 
expands and contracts by this according to the 1st pulse when the value of Dl given to 
the nozzle is 11 1", the ink droplet of an inside dot is breathed out from this nozzle, this 
ink droplet reaches the recording paper, and the record dot of an inside dot is formed. 
On the other hand, since the 1st pulse is not impressed to a piezoelectric transducer 17, 
the nozzle whose value of Dgiven 1 is "0" does not carry out the regurgitation of the ink 
droplet. Similarly, the data of D2, the data of D3, and the data of D4 are transmitted to 
a shift register 13 within a period just before the target driving pulse occurs, 
respectively. 

[0067] Drawing 9 shows the pattern obtained with the combination of each driving 
pulse. If 4-bit printing data (0100) are given, a small dot will give (1000), as mentioned 
above, an inside dot will give (1010) and the large dot by the inside dot of two shots will 
give (0000), the non-dot of only fine vibration will be obtained. 

[0068] Moreover, if printing data (0110) are given as shown in the bottom in drawing 9 , 
the ink droplet of a small dot and the ink droplet of an inside dot can be continued, and 
the recording paper can be made to reach the target. In this case, it is possible for the 
ink droplet of a small dot and the ink droplet of an inside dot to be mixed in the record 
paper, and to obtain the record dot of the magnitude of abbreviation middle of an inside 
dot and a large dot. here - it should observe - it is the point which breathes out the ink 
droplet of a small dot first, and is breathing out the ink droplet of an inside dot to 
discharge and a degree. In a configuration of carrying out the ink droplet of an inside 
dot first, and carrying out the regurgitation of the ink droplet of a small dot to discharge 
and a degree (i.e., when printing data (1100) are given and the 1st pulse and the 2nd 
pulse are chosen), it thinks contrary to this. In this case, it takes time amount until the 
residual vibration of the time amount for filling up the ink droplet of a dot in the 
pressure generating room 27 while being breathed out previously, and the meniscus 
after expulsion of an ink droplet stabilizes. Therefore, it is difficult to carry out the 
regurgitation of the ink droplet stably. However, with the gestalt of this operation, in 
order to carry out the regurgitation of the ink droplet of an inside dot for the ink droplet 
of a small dot to discharge and a degree first, the supplement time amount of ink is 
short and the residual vibration of a meniscus also stabilizes promptly. Therefore, the 
regurgitation of the two ink droplets from which weight differs in 1 printing period can 
be carried out. 

[0069] According to the gestalt of this operation, a fundamental-wave form slack drive 



wave can be formed by two or more driving pulses, and one or more ink droplets can be 
made to breathe out from each nozzle within 1 printing period, respectively for the 
configuration which gives the printing data which consist of bit data corresponding to 
each driving pulse to a switching circuit 16. Therefore, many gradation can be expressed 
for record in the paper each record dot of every, and high -definition printing can be 
realized, without reducing a print speed. 

[0070] In order to specifically form a driving signal including the 1st pulse and the 3rd 
pulse which make the ink droplet of an inside dot breathe out, and the 2nd pulse which 
makes the ink droplet of a small dot breathe out, As the gradation value 1 as " 1st 
gradation value" which does not carry out the regurgitation of the ink droplet, and "2nd 
gradation value" which makes the ink droplet of a small dot breathe out A total of four 
steps of gradation expressions of gradation 4** as "4th gradation value" which makes 
the ****** value 2, the gradation value 3 as "3rd gradation value" which makes the ink 
droplet of an inside dot breathe out, and two ink droplets of an inside dot breathe out 
can be performed for every nozzle. 

[0071] Moreover, it can make an inside dot breathe out continuously, since the time 
amount between the 1st pulse and the 3rd pulse is set as the maximum drive period of a 
print head 10, without reducing a print speed. In addition, when omitting the 4th pulse, 
only the time amount of the 4th pulse should hold the middle potential Vm. 
[0072] 2. Explain the gestalt of operation of the 2nd of this invention based on the 
gestalt next drawing 10 , and drawing 11 of the 2nd operation. In addition, with the 
gestalt of each following operation, the same sign shall be given to the same component 
as the gestalt of the 1st operation mentioned above, and the explanation shall be 
omitted. 

[0073] The driving signal of the gestalt of this operation shown in drawing 1Q as well as 
the driving signal of the gestalt of the 1st operation consists of the 1st pulse and the 3rd 
pulse which make the ink droplet of an inside dot breathe out, the 2nd pulse which 
makes the ink droplet of a small dot breathe out, and the 4th pulse which fine-vibrates a 
meniscus. However, with the gestalt of this operation, the middle potential Vm is 
replaced, the base potential VB has been the criteria of electrical-potential- difference 
change, and each driving pulse is formed in trapezoidal shape. 

[0074] The 1st pulse begins from the base potential VB of a grand level (Pll), next goes 
up by predetermined electrical-potential-difference inclination thetaCM to the 
maximum potential VPM (P12). And after only predetermined time maintains this 
maximum potential VPM (P13), it falls with predetermined 
electrical-potential-difference inclination thetaDM to the base potential VB (P14), and 



this base potential VB is maintained (P15). Here, electrical-potential-difference 
inclination thetaDM at the time of discharge is larger than 
electrical-potential-difference inclination thetaCM at the time of charge. Moreover, the 
time amount holding the maximum potential VPM is set as the short time of extent 
from which a meniscus does not return to the last condition. 

[0075] The 2nd pulse goes up from the base potential VB to the maximum potential VPS 
with predetermined electrical-potential-difference inclination thetaCS (P21), and 
maintains only the short time of extent with which a meniscus does not return the 
maximum potential VPS to the last location (P22). And it falls from the maximum 
potential VPS to the base potential VB by predetermined electrical-potential-difference 
inclination thetaDS. Here, electrical-potential-difference inclination thetaCS at the 
time of charge is larger than electrical-potential-difference inclination thetaDS at the 
time of discharge. 

[0076] Since the 3rd pulse has the shape of the 1st pulse and isomorphism, it omits 
explanation. In addition, the time amount between the 1st pulse and the 3rd pulse is set 
as the maximum drive period of a print head 10. 

[0077] The 4th pulse which gives fine vibration falls to the base potential VB, after it 
goes up from the base potential VB to the maximum potential VPN (P4l) and only a 
short time holds the maximum potential VPN (P42) (P43). 

[0078] Drawing 11 shows the regurgitation pattern of the ink droplet by the gestalt of 
this operation. If only the 2nd pulse is similarly chosen with the gestalt of the 1st 
operation having described, the record dot of a minor diameter will be formed in the 
record paper (printing data (0100)), and if only the 1st pulse is chosen, the record dot of 
whenever [ middle ] will be formed (printing data (1000)). Moreover, if the 1st pulse and 
the 3rd pulse are chosen, the ink droplet of two shots of an inside dot will reach the 
target in the record paper, the record dot of a major diameter will be formed (printing 
data (1010)), and fine vibration will be given to a meniscus if only the 4th pulse is 
chosen (printing data (0001)). Furthermore, if printing data (0110) are given to a 
switching circuit 16, the 2nd pulse and the 3rd pulse can be chosen, the ink droplet of a 
small dot and the ink droplet of two shots of an inside dot can be made to be able to 
reach the target in the record paper, and, thereby, the record dot of the middle 
magnitude of an inside dot and a large dot can be obtained. 

[0079] Thus, since even the gestalt of this implementation constituted forms the driving 
signal as a fundamental-wave form from two or more driving pulses and constitutes any 
one driving pulse or two or more driving pulses selectable with printing data, 
high-definition multi-gradation printing can be realized like the gestalt of the 1st 



operation, without causing the fall of a print speed. 

[0080] In addition, the gestalt of this operation can be expressed as follows, for example, 
"the 1st driving pulse and 3rd driving pulse The 1st power surge wave which goes up 
from the base potential VB to the 1st maximum potential VPM (P12, P32), The 1st 
maximum potential maintenance wave which maintains said 1st maximum potential 
VPM (P13, P33), It has the 1st electrical-potential-difference downward wave (P14, P34) 
which descends to said base potential VB, and consists of said 1st maximum potential 
VPM. The 2nd driving pulse The 2nd power surge wave which goes up from the base 
potential VB to the 2nd maximum potential VPS smaller than said 1st maximum 
potential VPM (P21), The 2nd maximum potential maintenance wave which maintains 
said 2nd maximum potential VPS (P22), The driving gear of the ink jet type print head 
according to claim 2 to 5 characterized by having the 2nd electrical-potential- difference 
downward wave (P23) which descends to said base potential VB, and consisting of said 
2nd maximum potential VPS." 

[0081] 3. Explain the gestalt of operation of the 3rd of this invention based on the 
gestalt next drawing 12 , and drawing 13 of the 3rd operation. 

[0082] As shown in the wave form chart of drawing 12 , the driving signal by the gestalt 
of this operation is also constituted including the 1st pulse and the 3rd pulse which 
make the ink droplet of an inside dot breathe out, the 2nd pulse which makes the ink 
droplet of a small dot breathe out, and the 4th pulse for giving fine vibration to a 
meniscus. 

[0083] The shape of each pulse form is explained. First, the 1st pulse begins from the 
middle potential Vm (Pll), next descends with predetermined 
electrical-potential-difference inclination thetaDM from the middle potential Vm to the 
1st minimum potential VLM (P12). And after only the short time of extent with which a 
meniscus does not return to the last location maintains this 1st minimum potential 
VLM (P13), it goes up by predetermined electrical-potential-difference inclination 
thetaCM to the middle potential Vm <P14), and this middle potential Vm is maintained 
(P15). Here, electrical-potential-difference inclination thetaDM at the time of discharge 
is larger than electrical-potential-difference inclination thetaCM at the time of charge. 
The 3rd pulse is the same configuration as the 1st pulse, and the time amount between 
the 1st pulse and the 3rd pulse is set as the maximum drive period of a print head 10. 
[0084] The 2nd pulse goes up from the middle potential Vm to the maximum potential 
VPS with predetermined electrical potential difference inclination thetaCS (P2l), and 
maintains only the short time of extent with which a meniscus does not return the 
maximum potential VPS to the last location (P22). And it falls from the maximum 



potential VPS to the middle potential Vm by predetermined 
electrical-potential- difference inclination thetaDS. Here, electrical-potential-difference 
inclination thetaCS at the time of charge is larger than electrical-potential-difference 
inclination thetaDS at the time of discharge. 

[0085] The 4th pulse returns to the middle potential Vm, after it descends from the 
middle potential Vm to the 2nd minimum potential VLN (P4l) and only a short time 
holds this minimum potential VLN (P42) (P43). 

[0086] Drawing 13 is the regurgitation pattern of the ink droplet by the gestalt of this 
operation. The middle record dot of the record dot of a minor diameter, the record dot of 
whenever [ middle ], a large dot, fine vibration, an inside dot, and a large dot can be 
similarly obtained with the gestalt of said the operation of each having described, 
respectively by selection of selection of selection of only the 2nd pulse, selection of only 
the 1st pulse, the 1st pulse, and the 3rd pulse, selection of only the 4th pulse, the 2nd 
pulse, and the 3rd pulse. 

[0087] Thus, also with the gestalt of this implementation constituted, the same 
effectiveness as the gestalt of each operation mentioned above can be acquired. In 
addition, the gestalt of this operation can be expressed as follows, for example, "the 1st 
driving pulse and 3rd driving pulse The 1st electrical-potential-difference downward 
wave which descends from the middle potential Vm to the 1st minimum potential VLM 
(P12, P32), The 1st minimum potential maintenance wave which maintains said 1st 
minimum potential VLM (P13, P33), It has the 1st middle potential return wave (P14, 
P34) which returns to said middle potential Vm, and consists of said 1st minimum 
potential VLM. The 2nd driving pulse The power surge wave which goes up from the 
middle potential Vm to the maximum potential VPS (P21), The maximum potential 
maintenance wave which maintains said maximum potential VPS (P22), The driving 
gear of the ink jet type print head according to claim 2 to 5 characterized by having the 
2nd electrical-potential-difference downward wave (P23) which descends to said middle 
potential Vm, and consisting of said maximum potentials VPS." 

[0088] In addition, if it is this contractor, additions various by within the limits of the 
summary of this invention indicated by the gestalt of each operation, modification, etc. 
are possible. For example, a decoding circuit may perform conversion to 4-bit printing 
data from 2-bit gradation data. 
[0089] 

[Effect of the Invention] According to the driving gear and the drive approach of an ink 
jet type print head concerning this invention, two or more driving pulses which form a 
driving signal are written as a selectable configuration with printing data, and while 



being able to carry out the regurgitation of the ink droplet from which weight differs 
from the same nozzle, the regurgitation of two or more ink droplets within 1 printing 
period can be carried out as explained above. Therefore, the diameter of a record dot in 
the record paper can be adjusted to adjustable, and a high-definition multi-gradation 
image can be printed at a high speed. 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. Tbis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing ll The configuration explanatory view showing the whole ink jet printer 

configuration to which the gestalt of operation of this invention is applied. 

fDrawing 21 The circuit diagram showing the important section of a print head drive 

circuit. 

fDrawing 3l The configuration explanatory view showing the mechanical structure of a 
print head. 

fDrawing 41 The explanatory view showing the relation between the driving signal used 
for the gestalt of operation of the 1st of this invention, a gradation value, etc. 
fDrawing 51 The explanatory view showing the behavior of the meniscus at the time of 
impressing the 1st driving pulse or 3rd driving pulse to a piezoelectric transducer 
independently. 

fDrawing 6l The explanatory view showing the behavior of the meniscus at the time of 
impressing the 2nd driving pulse to a piezoelectric transducer independently. 
fDrawing 71 The explanatory view showing the behavior of the meniscus at the time of 
impressing the 4th driving pulse to a piezoelectric transducer independently. 
fDrawing 8l The timing diagram which shows each driving pulse of a driving signal, and 
relation with printing data transfer timing etc. 

fDrawing 91 The timing diagram which shows the selection pattern of a driving pulse. 
fDrawing 101 The timing diagram which shows the relation of each driving pulse of a 
driving signal, printing data, etc. which are used for the gestalt of operation of the 2nd 
of this invention. 

fDrawing 111 The timing diagram which shows the selection pattern of a driving pulse. 
fDrawing 121 The timing diagram which shows the relation of each driving pulse of a 
driving signal, printing data, etc. which are used for the gestalt of operation of the 3rd of 
this invention. 



[Drawing 131 The timing diagram which shows the selection pattern of a driving pulse. 
[Description of Notations] 

1 Printer Controller 

2 Print Engine 

6 Control Section 

8 Drive Signal Generating Circuit 

10 Print Head 

16 Switching Circuit 

17 Piezoelectric Transducer 
22A Nozzle hole 

27 Pressure Generating Room 
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**mttV PMA»?>*(S«fftV L*"CAiSH:Jk«*-e- 

2 7#i|Rf6U > =;*#*4 OriVX/1^2 2 ACDftttti 
ffi^e>^mLI*D*5o rot#, £E**±S2 7I4, 

jEmtsft^i 7tDftfij*si^DfcjasT-iK*s-r 5 0 * 
<&m^v l «r«H*i-s pis ©^ht- mmx.* v * 

= ^*^4 0©^tH*5igg< o -et-T, P16©tlt' 
li, ^=^*^4 0 7)5^mUfc^t?BE^;ffiiij J f-l 7Sr 

1- 1 7 ?)Si|XiBg LTJE*^^^ 2 7 jWBW U / X/Pft 2 
2 Ad^^lc^ttlLfc-f x^*s§l#*,#*ix-c, * Ks> 

[0 0 5 0] 06 1C«, ^2/^^S:^T*jEmSl!j : f- 
1 71cTOPL?t#-^«^>'^cD^»)tt^^$nT^ 
5 0 'prB^mteVmlCfcSP 2 1 W^flg-Ctt, 
4 Ott/XA^ 2 AWttmffia^^Slt&A/fclfcB 
lefcSo tpWm&VmA^jt^llteVP S4t'# 

2)^3Si-5fc«), ^-^.ij^A OJi/X/v-2 2 ArtlC^I 
^iAStuS. P 2 3 (D^flg-C-fi. 4 Ot^yt<D 



/.2 

^i"5. ^t, /.^*#*4 Ofi, /X/w-5t2 ArtlC 

V P S li, Wf2^ 1 /</^©a*tBttV PMJ; 9 fc<&^ 
-< V*^2 5A^JE^J^^2 7rtlCfiEAi-S^ 

[0 0 5 1 ] ft^cm&VPSA^'praSteVmi-ejEEm 
Stb^ 1 7 Srifcrn^itS P24 SttSIb? 
1 7 LX&.t)&4im 2 7 d5UXiffii-5. rJxKi 

9, ffi*«£S2 7rtK:jE£E*S££, y-=*#*4 0li 
10 /X/U^2 2 AOfl-gBlCfrll-Tjf (P 2 4 a 

Wfcflg) . -t Lt, /X/K*2 2 A^biW^S 
7)Snttil^^5 (P2 4b©«) .oS!), &*S{£V 
PSSr/h$<i--5rilcJ;t)iE^^^2 7rtlcMA$ 

[0052] H7i-ii. ^4/</^^^^m.-vi£nm.m i P 

l 7lcfnAPLfcJSi^-w^>'^o^tb^fi|^^$tvT</^ 
20 5„ ST. *WltttVm»Cfe5P4 lOWIftt, WIE 
Pll. P 2 1 094(tt2:n4KiC. 7<=^*^4 014/X 
/uj^2 2A*»e>^F3l#j£^&«le:*>5o •pM 
SttVmd^S^StV P NS TfEf SBf 1 7£ft® 

«i-5fe*, ^^*^4 07)VX;U5\2 2Artl^lt 
iiSHSo L^L, S^tttVPNIi^J^fcft, 
X^^W^ltJi^aiifil^feS. S^H4VPN?rS 
^Hfc*ltft«ft5P4 3<DfflBiVft* >=^*^4.0tt 

y X/u^: 2 2 rtic/> L7t*it?l #a*ixfe«lfiftl6» 

30 ^5. ^rUT, S^lt'VPN^fetpramttVmS-eJE 
m^ft^l 7=Sr^m$-&5P 4 4©^ffiT*li, BE^fe 
^2 7 7)5lK^-r-5fcfe, y =X*^4 0liyX/U^2 2 
AWRttiJffilCfrlt-Cjf LM$H5o 
[0 0 5 3] r<Dj:5lc, JB4^/u^f4, avftttm* 

/^2 2 A*>e>W>'^«SrStaS-e:i"lCp' 4 0 

Kl O^^-^^v^v-a vlcfeS4&^-#?<DPfi^$ixfc!K 
y-C-SofcUi-sr t^lcJ;o-ct./X/w^:2 2A©IS 

-fLt>^5T'ii^< , ^m-r^zt^mx-h^o 

[0 0 5 4] 1-6 PP^X— 9<Dl&&9'< % is? 

4:-*fctt«*a#lU-C#Rm*5ii-S*«feS:. 04^ 

[0055] ±xgufcj: 'yy V 1 3?)>£> 

so 7yf@Sl 4«fSrSTX-< s/^[h18S1 6 lejjQibsep^ 
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^-zwyhfr r i j <Dmm*\a*. mmm^tf&m 

roj ©JMIW+fctt, flEmSS)^ 1 7^©K»«»ott 

5. ttoT, PP^x— *©fy h «:SS 1 ~SB 4 eo 

•^-fft** 1 ofe 5 l^ttlSHS©'^* £5ItR-r 5 r. t # 

[0 0 5 6] mx-tf. Ky hSrJ&d&Lfrv&SKy h©§ 
(flMHftl) • 'J4*y F©*Mt5S^ (RMMK 

2) , ljlOf K?H5*t»*f5W (RfflMt 

3) . 2*©'!' Ky h-C* Ky h t«rtt« W (HTM 
fit4) ©4^*— i^iEf&SNUiKfE® Ky hSr^i"H 
tf, 4SWO Ky HWttf 5 r i#Tf*«. 4*. 4 

Knott*. nmHsifr too) , mm&2* (0 

1) , PgfS{fi3£r (10), RTMfl4$: (11) ©4 5 
fc» #RflMB&2 try h-r-^-e*-rr.i:^-e#5. 
[0 0 5 7] <f v^MfcefctULttv^KK? hoPWMIi 
*Jg»fc«£S*S«tt©JB4A</i/*«:EEm 
JgftT-i 7(c{fe£-r*u44v\ 3 fto-c, PWHti©»fr 
14. *W y^HlKl 6fc«-bT» f l~«3/<;^©« 
^JWMftt roj 9S4'*A>x<0&±b 

injws-e-c r i j «rPpjp-r*T,f4\ ^^/^©^be® 

^1"2 tfy h-©^— * (0 0) !r4t>hf-^ (0 0 
0 1) £MR (-r K) -rsrtt-.tt?. -fvyflSSr 
o±ffl 4^/W*©*$rJ£®^WhF- 1 7 IcPPAPi-^ 

So 

[0 0 5 8] Httfc. s'flalKl elcttLT, mi 
^3/^^S.t/^4^^^<0«ra t t 1 tc roj 
^/^wM^SHS-erT r i j $rPpAp-t-*U4\ o 
*»K 4tf yh7 sr - ; ? (0 10 0) ^^94 $ 
T*^.-r yf-lelSSl 6 tC-fj-^Htf, S 2 ^A'*©^^ 
fitt^l 7fctfc»S;IV r*Uc49, /hKyHflS©^ 

T*£S„ 

[0 0 5 9] IKI«fc, 4t'yh-r-^ (1 0 0 0) 

tnfcBllliSH. CtUc4 9 , l&m&iz. * Ky h^l 

[0 0 6 0] Otitic * 4t'yKx-y- (10 10) 
y^lUSS 1 6 te4-*.*tfi» * K y h «r?»J*i-5JB 1 '< 
/u^S.tJ 5 ^3/N°/u^©^.j)5/EmSW) J F- 1 7fctft*&$;h, 
So rfUcfc*). 3E®*ft±»cf Ky MSlS©-f x^jga* 

[0 0 6 1 ] -hj&©4 0 fc, %tWm'<fr*&K- 1 t' y h 



/4 

"C#5o ^©^fgav^^H^Mcgj!? ^TbHS 1 

©ftJflpSB 6 SttfePP*?*-* (4ffl^»/< y 7 

T 4Cic|Btg$tv5o JB 

14, *t Ky hOWFPtelSr (0 0 0) , /hKyh©^© 
P£S8{tt2& (0 10) , f Ky h©^©PgPfi£3& (1 
0 0) . * Ky h 2S§tc4£*Ky h©N?MB4$: (1 
io 0 1) ©4?K, 3 fcTy h©^— 9*74 y^-Ial&l 6 

[0 0 6 2] 4 t' y hWfn^-^Sr^-l' y^lel 

ggl 6^lc#£3ft#«)18fifcKo^-C, |2|8©SJ&[2]£ 

#IBboottiHi-*. 

[0 0 6 3] £1\ #/X/HCOl^T©2 b'y b©PWii 
{fi (bl, b0) 14, ±J&Lfc4 t*y b©fP^-<? 
(Dl, D2. D3, D4) fc«K£jh,fcJKIB-<?tti*J'< 
y77 4 C»C|E«$iX-CV^5. C^T\ D 1 »±JB 1 
*©3!#^§\ D2»4^2/^v^©ilJfim-f-, D 3 (4^ 
20 3/^^©il^l-f", D4l4^4^/w^©^W«-§-t?fc 
So ^©4 t'y S©Pn^-<?(4. — WfflfflMft\C-7» 
Vh^y Kl 0 <?><&■ S XMZMfo LtLX 4 y^ISlKl 6 

[0 0 6 4] yyvh^yKioro/x^iS: 

n<Bi:U, I']*£;frft©fe ; 5'(4&-*itt3 1#S©/ X 
yw©^^— * Sr (Dll, D21. D31, D4 
1) , 2&B<OS X/Wfii^f—fZ (D12, D2 
2, D3 2. D4 2) © 4 5 LfcJt§^\ 
7-9 1 3tCf4, ^:/XyKCOV^T©^l^/^^ft-§- 
so Dl©f-^ (Dll, D12, D13, . . . Dl 
n) yyffi#{Cp)fflbTVyT/WA^^ttSo PI 

«(C LT, X/MCO^-CWmZAVU^iSiRfB-i-D 2 
(D^r-f (D21, D22, D23, . . . D2n) , 
^/X/K^o^T©^3/^^31^f-§-D 3©-r-^ 

(D31, D32, D33, . . . D3n) . X/P 
^ov>T©^4^Vu^.51Slff-§-D4©f J -^ (D4 1, 
D42, D4 3, . . . D4n) -pPBiJU^rt T* -> 
7 h Ui^^^ 1 3 {C^^$^5o 

[0 0 6 5] iDWfttfi, 8&)t-fZ>mW)'<'l'*tf 

h \s*J7>9 1 3td^$tuS„ i^i-TS 
/■?/w^©^^lc|R)^$-li:T, v-7 h 1 3*SfEl8 

LfcPP^x-^Sr? y^-lalKl 4 LTISti^* 
5. 9 yf-m^l 4\z^^ivtL^f ! -9^ u^/Vy 
?9 1 5tc4 9B>f3tmffi»-#JEE$ti.-C*»e>^-r y^lal^ 
1 6{CA^^tl,So 

[0 0 6 6] 0iJx.l4, 08l^i-$D<, mi'^^fcil 
J5f5D 1 ©t"— ^»4, ^l^^^.©EmI©^4/</w^ 

^.^mnvL'yy v\s\?*9 1 3^e^$4x-c^5. -t 

so UT, 1 1 ^yV7©?84l:^M:T7 yf IsWlli^S 
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iV :05?fflt*CJ:9« *sy Y^*S*9 1 3#fEtg 
LfcD 1 cDfn^X-^ll, /'7 WU{f -§-(-^^$tuT V 

&*T,fcD 1 ©ftl^-r — ^li, 5(:<t-3t 

$tb5o -Hie <fc 19 , / X/WC-fj-;l b;h.fcD 1 ©fta* 
r 1 j ©*§£•«. ^l/^^tc^oTffimslb^i 7*5 

qtttJ^ti, V^^^SE^t-^^LTf 1 Ky h© 

E»Ky — 1 ©ftt^ 

[0067] m 9 #igtb/^^cDm^--a-^jc «t •? 

s/ Y(D^i^—9 (0 10 0) Sr-5-;Uxrf/hKs' 
(100 0) HiiliitK^^ (1010) 
*.*brf<P Ky h 2«KU:5*Ky M*. (0000) Sr 

[0 0 6 81 lll9t><D*T©l-^-rJ; 51-, PP^ 

* (0 110) Sr-^*.ntf, /J4'y hffiS©^^ 

Sro-f^fti* Ky MBS©'*' vyjBtasSBDIJ-g-o 
T, tKyhi*Ky h ©H&'PFo'l©*^ £ ©IS® K h 

Jc/hKy Hea©-f ^^JdSrBtau JtttKy hfSS 
©-T V^?BSrth(U LTV^,'S'Cfe5„ Clixi: f±$KU & 
flJKf Ky h^Sw-Y^^flg^BtaiL, SfcK'hKy HtB 
yi©^ vy^&i&ffi1-51fSj£©*&^\ 0*19, PP^T f - 
* (110 0) ^xTSl'^^U^/^v^Srii 
#11" -5 3 „ wO^g-tt, SfelctiitUSfrfc't' K 

y hte%<D-( l/?m&Bt>&±^2 7rt(c«^-T5fc«) 

©floras im >*9m&\&'ifc<o*~***<Dmwm.Wiiiifr 

{c:etm-r5W^Ui\ La>U #HJ£©^fig-efi, * 
i"*«»C/hKy htBSO-O'^W&SfctiiU fctefKy 

T, -f$JS"JJgI#jrtfcftl:©M&3 2o©^>-y}jg£i±a} 
[0 0 6 9] i*».rf» mMnmmi'*** 

mssi 6ic#;t5«j«©fc«K -awwsjiiirt-e. 

rtjJ5T?^5„ iitot, IBfiNIUtfciSttafclEfikKy h 



/<? 

[0 0 7 0] ^{fcffjlctt:, <p Ky hfBlS©^ vyfffifcii 
tB£it3S 1 Z/*/vx b'b Ky ^fB^©^ 

w^yJKSrstau^i'^ r& 1 ©pgfgiu t 
UT©RSP«1» /hKy h«a©-l'^y^Srtbm$*'5 
2 ©PgfSffij £ LT©PgfS(fi2, f Ky l-ffi^©-f 
vy^Sr6tm$-er5 rg3 0HMIftj i LT©Pgflffi3 
S.tf'F Ky KtSS©^ ^y}®Sr2oPttb$-fr-5 rg|4© 

[0 0 7 1] Sfc, %i\/<>i>*k'm3'<>\'*b<vT%<D'm 
Wtiu ^DVKyKl 0©S*lE»)M]#nclS:5££;h,T 
v^fc©, RlJBiJiig£{£T£i£5:ii:&< f Ky K£2I 

® 4 /^U^ ©^M^ It IW*ffi V m Sri* 

[0 0 7 2] 2. J 2©H10M 

Ell OS-t/lgll 1 icS^V^-C*^l^©^2©^ife 

as bfc^ 1 (omMmm t ra— isi—©*** 

[0 0 7 3] El 1 0 (C^$tbfc*HJS©^fll©!iEK){f 

t>, »i©3afi©^«i©»iwi*i:iai*fc. tKym 

^©-f jSSrthtli 1 ^/v^SO'i 3 /^vx 

t, /hKy N*BS©-r v^WSr»ta$*5JB2>'</i'^ 

[0074] Si /^u^tt. 0iJxtf y*y v K^c? 

-*mtfcvB*»e>te*0 (pi 1) . *^cmtev 

PM*T'ff3^©fl;JE*lifi0 CM-C±#t5 (P 1 2) . 

(P 1 3). , y.mteVBiT*Bf5£©UE^)BSe DM 
fiTl (PI 4) , r©^<— ^.m&VBSrlt^i-S 

(p 1 5) „ :;•!?, Wrm&f<om>B.mio DMii> ^Em 
^r©mJE*Diao CMJ:9t>*$v\ S^miiv P 

MSrfs^i-sNFMtt, >=.^*^^astr©jKffit-Me>4 

[0 0 7 5] S2/-?/V^.(i, ^HfirVB^bBf^© 
DlilEeCSJrtoTft^ltVPSfT^L (P 
21) , t^clfivp s*>=^*^tfEiW©ftW-« 
»U*v^S«©fi«fraA:»tltt*-t-5 (P2 2) o 
T. i^cittVP SA»b@f5£©®E*)IBe DSt?^— ^. 

m{4vB*x(&Ti-5„ 3tm^f©m£E^)ia e c 
s ©*7)SiiJcm^©«ffi^)ffi eDsin^^. 
[0076] ^3 ^/p*i±s 1 ^^w^ t mmtktevx'Vi 

^Sr«B&-r-5o 4*S N f l^/v^tf 3/^i©IS)0 

so B^rati, v h^y ki o<DmxmW)mmz.&ii££t\ 



1#§S¥10-81012 



17 

[0 0 7 7] 4 '^^tt, ^-*W$L 

VBd>«b&*^t£VPN*T?±#L (P4 1) , 
(fcVPNS:fil*IHI«lt««fLfc* (P4 2) „ ^-xW. 
l<LVB-£X'1&T1rZ (P4 3) . 

[0078] Hlltt, *3aS0J»«SI-J:S-f v^RW 

©EftKy JX (PP^X-* (0 10 0) ) . 

ft 1 /<su*(DZf-*m$i.-t-ftt£ x ¥M&<n%Z& Y y h * S ^J* 
£^•5 (EP^x-* (1 0 0 0) ) o £fr> 1tl'<fl'X 
&tfft3/^*£il^i-*ui, 4 1 Ks/ h*BS©-f V^iS 

(Rl^x-^ (10 10) ) . ft4-^/W*<D^£:i§JR-r 
*Ui/~;*#;*lC'$«t&riS^X«b;ix5 (EP^-r-^ (0 

0 0 1) ) . EP^x'-* (0 110) £;*-J' 5/ 

JRLT, /hKy hffiaw^^^jSi: 1 ? Ky MSSO'fV 
£iEfi*iffi±«C23g*#£-fr5r itfS-C#, ~*"Uc 
id, <p Ky Ft^Ky ht©<pM©*#$©*B*Ky 

[0 0 7 9] ;r©J:5fc*J*.£ft*#3^©J81IB"?<>» 

1 ©306o»IBi: PUSH-, EUMiSftoffiTSrffl <-i^ 

[0080] 4*5, *mm<vMmn. m^sirnxo 
tr^-rsr t^-e^-So rss i wiEtfi^/V'^.s.u 5 ^ 3 

©lEft/-^;* fi, *3HiVB;S>fe>ft 1 ©S^^fiv 
PMi-e±#t5flOSE±#» (P12.P3 
2) t. MfEftl©***(fcVPM*i|fc#^3j|Sl«>* 
^cm&lt»iS^ (P 1 3 , P 3 3 ) t . ifrfSft 1 ©** 
«tfcV PM/^mFfE^-^fSteV B£T*TIS£-r3ft 1 <D 

(PI 4, P3 4) tSrtUTW*^. 
ft2©lE»K<A'*.f*, ^-^mteVBA^tfJfEft 1 ©S 

v p m i 5 ^1 2 ©ft^lfi v p s 1 1*± 
#1--5ft2©mJBE±#M£JK (P2 1) 1WEJK2«)* 
*t8ttVPSS:«l*Si-S*2 0**«ffilt»it£« (P2 

2) HtrK^2oft^cmtevp sA^HtiiB^-^^;© 

VB*-CT»-*-**2©«JET»RJS (P2 3) i: 
LTfl?fi)t$*l-CV^ ~ t *®®L t 2 
5 iClEii©^ y >- h^y KODKfbS 

BJ . 

[00 8 1 ] 3. ft 3 ©Hl£©^<§ 

Eli 2&tfEll 3Jcg-3i^T#fgiE©ft3©?d£ 

[00 8 2] El 1 2 O&JKElf-^-f.t 5 lc, *HliScDfl$ 
flglCtSIElbm^-t. * Yy hm^<D'{>'?ffiZ<!tth£ 
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^®5rBtW$-fr5^2/Vw^ t , 
4-*.-5f;:»©ft4'-s'W* 1 

[0 0 8 3] #^/WJ*©^lfcKo^-C!&Wi-S. *i\ 
ftl^/U*H tTOfiVmA^Mft)' (PI 1) > & 
lc, ■pF^m^Vm^fe^ 1 ©Si&mfiV LM£-CJ3T5£© 

miE-^iae dm-ct^-ts (P12) . *lt, :©i 
*^e«©«n*w«»tit»ufca (pi 3) . <piwm# 

Vm^T-m3eomffi*)Sa0 CMt?±#L (P14) , : 

10 co^ramfitvmSr«i^-r5 (pi 5) o nm&i 
#v\, ^3/^^tt^i/^u^t[^-^t?fot), mi 

tM3^/i'^i:OKOS!fP B 1t±7 p y V K^y Kl 0 
ffi*>iH0 CSJrtott^ttVP SST*±#L (P 2 

i) , ft^r®^vpsSr^=^*^* s K*(roftet-^ 

U/iV^ejt©fiB#IW^It«l«r-f-5 (P 2 2) o 
*;*:®<iV P S a»fci5fJ£©WEE43E 0 D S T«PlB«ttV 

j>mwft<a%&.*i&8 ds t>*#v\, 

[0 0 8 5] f4/</^lt WlfiVm 7J>feft2©:ft 
iilffiVLNStT^L (P4 1) , roftfitfiVL 
NSrffll*W«»t(ft»Ufca (P4.2) ; tpM*(fcVmfc 
«'J*-TS (P 4 3) . 

[0 0 8 6] Ell 3(1 *mM<DMm^xz>s(^?m<D 

l/<;V^SO ! l3^/i'^©I^> 14/^©*©! 
30 ^2/^w^5.L) ? m3/^^07l^{wJ;oT, ^JVe 

[0 0 8 7] :©<!: o\zmi££1nZ*M1fc<oBm-?i>. 

/v-^(*. 4>ratttVmA^Il©«lttVLMSfT 
^-TSm 1 omffiT^jS)^ (P 1 2, P 3 2) HufE 
40 |gio*^(tVLM*i»t»i-*JBio*(ft«ttlt#(rjfe 

i (P13, P. 3 3) t» SfflBJBl©*fi«{ltVLM*» 

?>afriB' : pM«ffivmK:a»-rsse i <o<pF B im{4a*«^ 

(P14, P34) tSr^TLT«fiK$ix. m2<omSt>'< 
mBE±#)S^ (P2 1) StflEft^cmteV P S 

-rsft^mtsm^s^ (P22) nuiES^mtev p 

S*»bWiB'pni]«{tVm*t?TI*i _ 5JB2©«£ET»a£ 
(P2 3) fc«:#UT«fifc£;lxT^Sr£fc4$*i:-t- 

so h^y KOigffijigSj . 
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[0088] t£&. a*#-e*>tui, *3K*OJ»«SJ-IB 

[0 0 8 9] 

JWrt-c**«?-f v'^Wfc'Stdl-t-a ii^t?#S. t£o 
[Effirofffi*^^] 

nail *5iw©nife<o^ii*S)gffl$tu5'r -sWx.y 

[0 2] -fV >-h^-y KW»08SoS?BSr*-t"iaKia. 
[03] /'jyh^y K«5«B*W«StSr*-r«riaKM 

0o 

& mnflw t <d m& «r*-*-tt8§ 0. 
[0 5 ] i ©wtHA'^sfc.ttiB 3 <DmW};<^x*i¥- 

[06] ^2(0S[Sb^- ? /^S:^-CflEltSS!)^-^fP*Pb 



[0 7] ^4«IBlb^- ; /i'^S:*^'CiE^;Sl()T-tCPniPL 

[0 8] mW)iB^<o^rm.W}^^^ tw^—? <Dfcm# 
[09] msh'^^oMft.'**— ^*7tfr9<i J^f-*— 

ho 

[010] *»MO*2©5llfc©»flSfcfflV % fc*t*»ib 

[0ii] jEfb^A^ojl*^* — ^Sr^-f-^-f 

-ho 

[012] #»93©#3©5«©JB1»K:fflv*fcixawni 

J^f-t— ho 

[013] etbA*/w* — vSr^i-^-f A^^r 

-ho 

1 /yy^3yhD-7 
2 

6 MffiiA 

8 lEftm^^lH]^ 
10 7°yvh^-yK 

16 ^-f j/^IHSg 

1 7 mmmm* 

2 2 A / X/U?X 
2 7 !£t)ft±m. 
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